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Seventy-six cases of colon or anorectal cancer after pelvic irradiation for 
other malignant or benign lesions were reviewed. The patients were 13 
men and 63 women with a mean age of 65 years; 67 percent had received 
irradiation for gynecologic malignancy. The cancer developed at a 
mean of 15.2 years after irradiation (peak frequency between five and 
ten years); 85 percent of the patients had a mild to prominent radiation 
reaction around the cancer. Of the 72 adenocarcinomas, 26 percent 
were mucinous. Only 17 percent of patients presented with symptoms 
of radiation proctitis, and the mean radiation dosages were not high. 
High radiation dosage and severe radiation damage may not be essen- 
tial for radiation-associated colorectal cancer. The overall five-year 
survival rate was 48 percent. Close surveillance of the colon and anorec- 
tal regions of these high-risk patients at five years after irradiation is 
indicated. [Key words: Low-dose pelvic irradiation; Radiation procti- 
tis; Postirradiation carcinoma; Colon carcinoma] 

RADIATION HAS BEEN identif ied as a possible carcino- 

gen in  skin, thyroid, bone  marrow,  breast, lung ,  salivary 
gland,  and  bladder. T h e  occurrence of colon or anorectal  

cancer after pelvic i r radia t ion  also has been reported, bu t  
the series have been small.  Most cases reported were in  
women  who had had previous i r radiat ion for gynecologic 

cancer. 
T h e  authors  have reviewed their experience wi th  
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cancer super imposed  u p o n  an  irradiated colon a nd  ano-  
rectum in  an  effort to identify the characteristics and  

na tura l  history of this lesion. 

M a t e r i a l s  and  Methods 

T h e  authors  reviewed the records of patients with colon 

or anorectal  cancer who had surgical t reatment  at the 
Mayo Cl in ic  a nd  a history of pr ior  pelvic or a b d o m i n a l  
i r radiat ion for other m a l i g n a n t  or ben ign  lesions. Patients 
whose colon or anorectal  cancer developed wi th in  two 
years after i r radia t ion  were excluded from this series. T h e  

rad ia t ion  method,  dosage, a nd  interval  between irradia- 
t ion a nd  subsequent  appearance of the cancer develop- 
men t  were recorded. T h e  tissue slides were reviewed; the 
t umor  site, cell type, staging,  a nd  rad ia t ion  effects on  
no rma l  tissue were recorded. Radia t ion  effects in  the 
bowel wall  inc luded submucosal  fibrosis, telangiectasia, 

endothel ia l  prol i ferat ion,  a nd  hya l in iza t ion  of b lood  ves- 
sels a nd  were quan t i t a ted  as none,  mild,  or p rominen t .  
Fo l low-up  in fo rma t ion  was ob ta ined  from each pa t ient  
by personal  interview or letter. Pat ient  survival was esti- 
mated us ing  the nonpa rame t r i c  method  of Kaplan  and  

Meier. ~ 
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TABLE l. Location of Colon or Anorectal Cancer, by Reason for Previous Irradiation 

Location of Subsequent Cancer 

Reason for Total 
Irradiation Cecum Ascending Transverse Descending Sigmoid Rectum Anus Patients 

Carcinoma of 
Cervix 3 2 1 11 9 4 30 
Uterus 6 2 2 2 4 16 
Ovary 3 2 5 
Bladder 2 2 4 
Prostate 1 2 1 4 

Lymphoma 2 1 1 1 2 7 
Menorrhagia 2 2 4 
Endometriosis 2 2 
Low back pain 1 1 
Skin itching 1 1 
Sarcoma 1 1 

TOTAL 15 5 4 - 27 20 4 75 

Results 

Seventy-six cases were ident i f ied.  T h e  pa t ien ts  were 13 
m e n  a n d  63 women ,  wi th  a mean  age of 65 years (range, 39 
to 88 years). T h e  chief  reasons for p rev ious  pe lv ic  i r rad ia-  
t ion  (Tab le  1) were cervical  (39 percent)  a n d  u te r ine  (21 
percent)  ca rc inoma.  E igh t  pa t ien ts  had  received radio-  
the rapy  for b e n i g n  lesions.  T h e  cancer  deve loped  at  a 
mean  of 15.2 years (range, two to 41 years) after i r r ad ia t ion  
(Fig. 1). For ty-s ix  pa t ien ts  (61 percent)  had  had  their  
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FIG 1. Interval between irradiation and development of colon or 
anorectal cancer. No data available for one patient. 

r ad i a t i on  exposu re  more  than  ten years before the cancer  
was detected. Fif ty- three pa t ien t s  (70 percent)  h a d  h a d  
r ad io the rapy  at  the au thors '  cl inic;  r ad i a t i on  i n f o r m a t i o n  
was avai lab le  for 67 pa t ien ts  (88 percent)  (Tab le  2). 

O n l y  13 pa t ien ts  (17 percent)  had  c l in ica l  manifes ta-  
t ions of r ad i a t i on  proct i t is .  T h e r e  were 72 adenocarc ino-  
mas  (26 percent  mucinous) ,  two basa lo id  carc inomas ,  and  
two s q u a m o u s  cell ca rc inomas  of the anus.  S ix ty-e ight  
(89 percent)  pa t i en t s  unde rwen t  a m a j o r  o p e r a t i o n  for 
resect ion of tumor .  T h r e e  pa t ien t s  unde rwen t  co los tomy 
on ly  because their  disease was advanced.  T h r e e  pa t ien ts  
had  local  resect ion for a smal l  anorec ta l  cancer. T w o  
pat ients  had  p o l y p e c t o m y  for focal cancer. Seventeen 
pat ients  (22 percent)  had  pos topera t ive  compl i ca t ions ,  
i n c l u d i n g  opera t ive  dea th  in  four  (5 percent).  

U p o n  rev iewing  the tissue slides, 52 cases (68 percent)  
w i th  a p r o m i n e n t  r ad i a t i on  reac t ion  a r o u n d  t h e  cancers 
were f o u n d  (Figs. 2-5); 13 cases (17 percent)  h a d  on ly  m i l d  
r ad i a t i on  react ion,  six cases (8 percent)  h a d  no  s ign i f ican t  
r ad i a t i on  react ion,  and  in  five cases (7 percent)  no t  
e n o u g h  tissue was ava i lab le  for d i agnos i s  of  the r ad i a t i on  
effects. T h e  p r i m a r y  t u m o r  sites in  the 11 cases wi th  no  
s ign i f i can t  reac t ion  or  lack of t issue were the r ec tum in  
nine,  the s i gmo id  in  one, and  the cecum in one. 

Al l  pa t ien ts  were fo l lowed pos topera t ive ly  for four  

TABLE 2. Methods and Dosages o]: Radiotherapy in 67 Patients 
With Available Data 

Number 
Method of Patients Dose (Range) 

External x-ray 29 120-6,000 rad 
Radium 11 900-9,125 mg hr 
Cesium 4 1,056-2,127 mg hr 
Radium and 834-8,700 mg hr 

external x-ray 23 555-4,500 rad 
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FIG. 2. Hyalinized vessel with marked 
endothelial proliferation surrounded by 
dense fibrosis and mucinous adenocarci- 
noma (hematoxylin and eosin; • 120). 

mon ths  to 29 years (mean, 6.3 years; median  3.1, years). 
T h e  five-year survival rates are shown in Table  3. T h e  
overall five-year survival rate was 48 percent (Fig. 6). 
Nineteen tumors  (26 percent) of the 72 adenocarc inomas 
were the muc inous  type. There  was no  evidence of 
increased radiat ion doses or proctitis in this group.  Sixty- 
nine percent of the tumors  were favorably staged (Astler- 
Coller A, B1, or  Be). T h e  30-day operative mortal i ty was 6 
percent and the morbidi ty 24 percent. 

Discussion 

Slaughter  and Southwick ~ first reported two colon 
cancers and  one anal cancer that developed in the pres- 

ence of radiat ion injury. Smith  3 reported three addit ional  
cases in 1962. Since that time, there have been reports of 
similar findings, 4-~9 but  most  of them were case reports. 
Unti l  now, only 52 cases have been reported in the Eng- 
lish literature (Table 4). T h e  largest series was reported by 
Castro et  al.  1~ in 1973, with a total of 26 patients. T h e y  
found  that 58 percent of the patients had symptomatic ,  
histologic, and clinically documented  chronic  radiat ion 
proctocolit is  at the site of subsequent  tumor;  69 percent of 
the patients had a post i r radiat ion interval of more  than 
ten years; a h igh  percentage (58 percent) of muc inous  
adenocarc inoma was found; overall and determinate five- 
year survivals were poor,  20 percent and 22 percent, 

FIG. 3. Prominent medial elastosis with 
endothelial proliferation and narrowing 
of the lumen (same vessel as in Fig. 2) 
(elastic-van Gieson stain; • 300). 
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FI~. 4. Hyalinized vessel in previous 
radiation field surrounded by adenocarci- 
noma (hematoxylin and eosin; • 300). 

respectively. Most reports demonstrated a close relation- 
ship between radiation effects and colorectal cancer but 
lacked strong evidence that the cancer was induced by the 
irradiation. 

Other series with a long-term follow-up demonstrated 
an increased incidence of colon or rectal cancer after 
pelvic irradiation, z0-26 Although a patient who has had 
one malignancy may be at increased risk to develop a 
second malignancy, a controlled study by Reimer et  al .  22 

found that ovarian cancer patients who had radiotherapy 
had an increased risk of colon cancer compared to those 
ovarian cancer patients who did not have radiotherapy, 
and the risk became more evident in patients followed for 

more than five years. In addition, patients who had had 
radiotherapy for benign conditions still had a signifi- 
cantly increased risk of colorectal cancer when compared 
with the normal population.Z1, 23-z5 The early mortality 
studies of atomic bomb survivors in Japan showed little 
to suggest a relationship between irradiation and colon 
cancer, 27 but long-term follow-up has demonstrated sig- 
nificantly increased mortality from colon cancer. 2s Radia- 
tion also has been shown to induce colon cancer in 
animal studies. 29, 30 

Black and Ackerman 4 concluded that radiation-induced 
carcinomas of rectosigmoid show: 1) an interval of more 
than ten years between radiotherapy and the diagnosis of 

FIG. 5. Anal basaloid carcinoma adja- 
cent to telangiectatic vessel within dense 
fibrosis (hematoxylin and eosin; )< 750). 
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TABLE 3. Five-Year Survival Rates, by Stage (Astler-Coller) 

Patients Overall 5-year 
Stage No. Percent Survival Rate, Percent 

A 10 13 90 
B1 11 15 91 
B2 32 42 45 
C1 1 1 
C2 9 12 17 
D 13 17 8 

TOTAL 76 100 48 

ca rc inoma;  2) re la t ively  large r ad i a t i on  exposure  to large 
bowel ;  a n d  3) severe r ad i a t i on  d a m a g e  a r o u n d  the cancer.  
M a c M a h o n  a n d  R o w e  9 also l is ted three h igh - r i sk  factors 
for i r r ad ia t ion-assoc ia ted  co lon  cancer:  1) proct i t i s  ear ly 
after i r rad ia t ion ;  2) subsequen t  secondary  procti t is ;  and  3) 
stenosis  or  i n d u r a t i o n  of the rec tovag ina l  septum.  These  
three factors al l  relate to h igh-dose  i r radia t ion .  

In  the presen t  series, the m e a n  in terva l  f rom r ad i a t i on  
to d i agnos i s  of c a r c i n o m a  was 15.2 years, a n d  61 percent  
of the pa t ien ts  h a d  an  in terval  of more  than  ten years. T h e  
peak  f requency  was be tween  five a n d  ten years. Previous  
reports  ~-~~ also show a h ighe r  p r o p o r t i o n  of p a t i e n t s  

deve l op ing  cancer  be tween five and  ten years after i r radia-  
t ion.  Most  of the present  pa t ien ts  h a d  r ad ia t ion  react ions  
a r o u n d  the cancer.  These  react ions  m a y  be present  for a 
l o n g  per iod.  Three  pa t ien ts  had  their  i r r ad ia t ion  41 years 
before d iagnos i s  of the new ma l ignancy :  two sti l l  h a d  
p r o m i n e n t  r ad i a t i on  reac t ion  a n d  one  had  a m i l d  radia-  
t ion  react ion.  A p p a r e n t l y ,  the increased r isk of develop-  
men t  of co lon  or  anorec ta l  cancer  m a y  start  at five years 
and  persis t  to more  than  40 years after i r rad ia t ion .  

A l t h o u g h  Black a n d  A c k e r m a n  4 a n d  M a c M a h o n  a n d  
R o w e  9 sugges ted  that  h igh -dose  r a d i a t i o n  or  severe radia-  
t ion d a m a g e  is essent ia l  for the i n d u c t i o n  of colorecta l  
cancer,  P a l m e r  a n d  Spra t t  25 f o u n d  that  pa t ien ts  w h o  had  
received low i r r a d i a t i o n  dosage for b e n i g n  gyneco log ic  
cond i t i ons  h a d  a greater  chance  (3.32 percent)  of develop-  
i n g  rectal  cancer  than  those w h o  h a d  received h igh-dose  
i r r ad i a t i on  ( 1.4 percent)  to treat  cancer  of the cervix. T h e y  
conc luded  tha t  the re la t ively  low i r r ad i a t i on  dosage  
caused some g r o w t h - s t i m u l a t i n g  inf luence  that  the h i g h  
dosage d id  no t  cause. R u b i n  et al34 also men t ioned :  

The finding that the development of cancer was greater in the 
low dose irradiation group has suggested.., that reaction to radia- 
tion injury leads to hyperplasia and then to neoplasia which may 
not occur after high doses; i.e., a large dose of radiation may 
eliminate the regenerative capacity of tissues completely. 
D e n m a n  et al.  29 f o u n d  tha t  doses of 4500 r ad  caused  the 

h ighes t  inc idence  of co lon  cancer  in  rats, c o m p a r e d  wi th  
doses of 2500, 3500, 5500, a n d  6500 rad. In  the present  
series, on ly  17 percen t  of pa t ien t s  h a d  c l in ica l  s y m p t o m s  
of r ad i a t i on  procti t is .  T h i s  observat ion  suggests that  the 
large bowe l  was exposed  to re la t ively low doses of i r rad ia-  

tion. 

TABLE 4. The 52 Cases Reported by 18 Authors 

Author Year Cases Reference 

Slaughter and Southwick 1957 3 2 
Smith 1962 3 3 
Black and Ackerman 1965 1 4 
Quan 1968 2 5 
Pemberton and Lendi-um 1968 1 6 
Localio et al. 1969 1 7 
DeCosse et al. 1969 1 8 
MacMahon and Rowe 1971 6 9 
Bhagabati and Zaman 1973 1 10 
Castro et al.* 1973 26 11 
Cunningham and Wilhoite 1973 1 12 
Qizilbash 1974 1 13 
Greenwald et al. 1978 1 14 
O'Connor et al. 1979 2 15 
Sabio et al. 1979 1 16 
Martins et al. 1980 1 17 
Shamsuddin and Elias 1981 1 18 
Echave et al. 1982 1 19 

*Includes two cases reported by Quan (1968). 5 

Castro et al. n r epor ted  an  incidence of m u c i n o u s  ade- 
n o c a r c i n o m a  of 58 percen t  in  their  series, w h i c h  is h ighe r  
than  the usua l  d i s t r i bu t i on  (10 percent);  92 percent  of 
these pa t ien ts  h a d  c l in ica l  or  h i s to log ic  evidence of rad ia-  
t ion proct i t is .  In  the au tho r s '  series, 19 (26 percent)  muc i -  
nous  a de noc a rc inoma s  were found  in 72 pat ients  w i th  
adenoca rc inoma .  T h e r e  was no  evidence of an  increased 
inc idence  of r a d i a t i o n  proc t i t i s  in  this g roup .  T h i s  per-  
centage is lower  than  tha t  in  Castro 's  r epor t  bu t  is stil l  
m u c h  h ighe r  than  the n o r m a l  d i s t r ibu t ion .  D e n m a n  et 

al.  29 f o u n d  that  a l l  the co lon  cancers i nduc e d  by r a d i a t i o n  
in  rats were m u c i n o u s  adenoca rc inoma .  These  f ind ings  
suggest  that  the a b n o r m a l l y  h i g h  p r o p o r t i o n  of muci -  
nous  a d e n o c a r c i n o m a  f o u n d  in the au thors '  a n d  Castro 's  
pa t ien ts  may  relate to a r a d i a t i on - induc e d  or ig in .  

In  the p rev ious  repor ts ,  mos t  of the cases were l imi t ed  
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FIG. 6. Postoperative survival for colon or anorectal cancer after 
pelvic irradiation. 
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tO w o m e n  wi th  a history of gynecologic  cancer, and  most  

of the large bowel  cancers were located in  the s igmoid  
co lon  or rectum. In  the present  series, on ly  67 percent  of 
pat ients  had a history of gynecologic  cancer, and  there 

were 13 male  pat ients .  Most of the male  pat ients  had  
received previous  i r rad ia t ion  for cancer of the bladder  or 
prostrate or for l ymphoma .  O n l y  two male  pat ients  wi th  
radiat ion-associated colon cancer have been reported pre- 
viously.Z, 6 There  have been n o  previous  reports of colo- 

rectal cancer after i r rad ia t ion  for cancer of the bladder  or 

prostate or for l ymphoma .  

There  have been five right-side colon cancers i n  pre- 
vious  reports, and  all were cecal cancers. Four  of these 
pat ients  had  had  i r rad ia t ion  for ca r c inoma  of an  ovary or 
the uterus;  on ly  one had  ca r c inoma  of the cervix. T h e  

present  series inc luded  20 right-side co lon  cancers (15 of 
the cecum and  five of the ascending  colon), and  11 of these 
pat ients  had  had  i r radia t ion  for ca rc inoma of the ovary or 
uterus. 

In  contrast  to the f i nd ing  by Castro et  al.,  ix in  the 

present  series the overall 5-year survival rate was 48 per- 
cent. S ix ty-n ine  percent  of the cancers were stage A, Bx, or 

B2 (Astler-Coller). T h e  relatively h igher  operative mortal-  
ity (5 percent) a n d  morb id i ty  (22 percent), compared  wi th  
operat ions  for o rd inary  colorectal cancer, 3~ may be related 
to the rad ia t ion  effects. 

Conc lus ion  

Seventy-six cases of colon or anorectal  cancer after pel- 

vic i r radia t ion for other m a l i g n a n t  or b e n i g n  lesions were 
reviewed. There  were 13 m e n  a n d  63 w o m e n  wi th  a m e a n  
age of 65 years. Sixty-seven percent  of the pat ients  had  
received i r rad ia t ion  for a gynecologic  mal ignancy .  Colon  

or anorectal  cancer developed a m e a n  of 15.2 years after 

i r radia t ion  wi th  a peak frequency between five and  ten 
years. Eighty-five percent  of the pat ients  had  a m i l d  to 
p r o m i n e n t  rad ia t ion  reaction a r o u n d  the cancer. Twenty-  
six percent  of the 72 adenocarc inomas  were m u c i n o u s  
adenocarc inoma.  On ly  17 percent  of pat ients  presented 

wi th  symptoms of radia t ion proctitis, a n d  the m e a n  radi- 
a t ion  dosages were lower than  usual .  H i g h  rad ia t ion  

dosage and  severe rad ia t ion  damage  may  no t  be essential 
for radiat ion-associated colorectal cancer. T h e  overall 
five-year survival  rate was 48%. Close survei l lance of the 
colon and  anorecta l  region of these high-r isk pat ients  at 

five years after i r radia t ion  is indicated. 
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